Cryopreservation of ovarian tissue has been studied for female germline preservation of 24 farm animals and endangered mammalian species. However, there are relatively few 25 reports on cryopreservation of fish ovarian tissue and especially using vitrification 26 approach. Previous studies of our group has shown that the use of a metal container for 27 the cryopreservation of bovine ovarian fragments results in good primordial and 28 primary follicle morphological integrity after vitrification. The aim of this study was to 29 assess the viability and in vitro development of zebrafish follicles after vitrification of 30 fragmented or whole ovaries using the same metal container. In Experiment 1, we tested 31 the follicular viability of five developmental stages following vitrification in four 32 vitrification solutions using fluorescein diacetate and propidium iodide fluorescent 33 probes. These results showed that the highest viability rates were obtained with 34 immature follicles (Stage I) and VS1 (1.5 M methanol + 4.5 M propylene glycol). In 35 Experiment 2, we used VS1 to vitrify different types of ovarian tissue (fragments or 36 whole ovaries) in two different carriers (plastic cryotube or metal container). In this 37 experiment, Stage I follicle survival was assessed following vitrification by vital 38 staining after 24 h in vitro culture. Follicular morphology was analyzed by light 39 microscopy after vitrification. Data showed that the immature follicles morphology was 40 well preserved after cryopreservation. Follicular survival rate was higher (P<0.05) in 41 vitrified fragments, when compared to whole ovaries. There were no significant 42 differences in follicular survival and growth when the two vitrification devices were 43 compared. 44
Ovarian follicles were incubated in drops containing 100 μL (2 μg) FDA working 135 solution and 30 μL (0.6 μg) PI solution in the dark for 3-4 min at RT. Cell viability 136 assessment was performed on an inverted fluorescence microscope (Opton, TNI-51-137 IMU). The bright green fluorescent follicles were considered viable ( Figure 2A ) and the 138 bright red stained follicles were considered non-viable ( Figure 2B ). Experimental and 139 control groups were composed by at least 100 ovarian follicles in each group, and the 140 experiments were repeated three times. 141 The aim of Experiment 2 was to evaluate the effects of vitrification on survival 147
and in vitro growth of ovarian follicle in two different types of tissues (fragment or 148 whole ovary) in two different devices (metal container or plastic cryotube). 149
Fragments containing Stage I follicles were carefully dissected from the ovaries 150 and cut into thin slices (2 mm) using syringe needles. The ovarian pieces were stretched 151 so that Stage I follicles could easily be observed. Dissections of ovarian fragments were 152 performed within a maximum of 20 min at RT. 153
Vitrification and rewarming protocols were the same as described in Experiment 154
1. VS1 from Experiement 1, which showed the highest Stage I follicle viability was 155 selected to be used in Experiment 2. In all groups, the samples were vitrified with 156 minimum volume of vitrification solution. 157
Four vitrification treatments were tested: whole ovary in plastic cryotube 158 (Minitüb, Tiefenbach, Germany) (Group 1), whole ovary in metal container (Group 2), 159 ovarian fragments in plastic cryotube (Group 3) and ovarian fragments in metal 160 container (Group 4). Groups 3 and 4 were performed with tissue fragments of 0.4-0.5 161 mm long and 2 mm thick containing Stage I ovarian follicles. 162
After vitrification/rewarming, Stage I follicles were isolated and classified as 163 described before (Experiment 1) and the follicles were selected according to their 164 diameter (between 90-140 µm). Using an in vitro culture protocol based on previously 165 published protocols [1, 26, 34] with some modifications, the selected follicles were 166 washed three times with L-15 medium 90% (pH 9.0), before being randomly distributed 167 into 96 well plates containing 200 µL of L-15 medium 90% (pH 9.0) supplemented with 168 0.5 mg/mL follicle stimulating hormone (FSH), 20% fetal bovine serum (FBS) and 100 169 µg/mL gentamycin. All follicles, including fresh controls were individually cultured in 170 the wells for 24 h at 28°C. Survival was assessed by vital staining (FDA + PI) after in 171 vitro culture (IVC). Furthermore, follicular diameter increase was evaluated by 172 measuring diameters of viable follicles (bright green stained follicles), before and after 173 IVC, on an ocular micrometer under an inverted light microscope (Carl Zeiss, Axiovert 174
135, Germany). 175
The experimental and control groups were composed by 96 ovarian follicles and 176 the experiment was repeated three times. 177
Histological analysis of ovarian follicles 178
The aim of the histological analysis was to assess morphological integrity of 179 ovarian follicles after vitrification in VS1 using the metal container by light microscopy. 180
Whole ovaries were fixed in 10% buffered formalin and prepared for 181 histological analysis, as described by Prophet et al. [24] . 182
The histological evaluation of the control group and the vitrified ovaries was 183 descriptive, and based on criteria described by Selman et al. [29] . 184
Statistical Analysis 185
Variables between groups in Experiments 1 and 2 were analyzed using the 186 statistical package SAS 9.2 (2009), passing the normality test, followed by analysis of 187 variance, with mean comparison by Duncan test (P<0.05). 188
Results 189
Ovarian follicles viability at five difference stages after vitrification using 190 four different vitrification solutions. 191 Table 1 
Histological analysis of ovarian follicles 226
Zebrafish follicular development was divided into four stages (primary growth, 227 cortical alveolus, vitellogenic and mature, Figure 5A ), based on morphological 228 characteristics described by Selman et al. [29] . 229 when the whole ovary is cryopreserved, a larger pool of follicles is transplanted back to 306 the donor or recipient of the tissue, unlike the situation that occurs when small 307 fragments are used. However, vascular transplantation of whole cryopreserved ovary 308 has two major limitations: the technical difficulty in proceeding reanastomosis [31] and 309 the challenge to cryopreserve an intact organ [18] . These issues must be addressed in 310 studies with experimental animal models, before they may be put through human 311 clinical trials. Therefore, the effect of the tissue dimension (ovarian fragment or whole 312 ovary) was also evaluated here in terms of follicular survival after vitrification. We 313 observed that the survival rate in terms of in vitro growth, after vitrification was higher 314 on tissue fragments when compared to whole ovary. The reasons for these results may 315 be because the ovary is a bulky organ composed of different cell types, which hinders 316 the easy diffusion of cryoprotectants into cells and stromal components. 317 A point to emphasize from this study is the fact that after vitrification in the 318 metal container, primary Stage I follicles presented the highest survival rates in all 319 vitrification groups (Experiment 1). Zebrafish primary growth follicles are similar to 320 mammalian primordial or primary follicle, in the sense that it represents the female 321 gamete surrounded by a single layer of cells. Considering that the ovarian reserve and 322 fertility potential is directly related to the number of primordial and primary follicles, 323 the main concern when ovarian tissue cryopreservation is considered is the maintenance 324 of the integrity of this follicular population, together with the surrounding stroma. Our 325 results on zebrafish follicular survival and growth after warming suggest that ovarian 326 tissue vitrification is a promising technology to preserve the maternal genome in fish. 327
